Parent-child relationships can critically affect youth physiological development. Most studies have focused on the influence of maternal behaviors, with little attention to paternal influences. The current study investigated father engagement with their adolescents in household (shopping, cooking) and discretionary leisure activities as a predictor of youth cortisol response to a challenging interpersonal task in young adulthood. The sample (N ϭ 213) was roughly divided between Mexican American (MA; n ϭ 101) and European American (EA; n ϭ 112) families, and included resident biological-father (n ϭ 131) and resident stepfather families (n ϭ 82). Salivary cortisol was collected before, immediately after, and at 20 and 40 min after an interpersonal challenge task; area under the curve (AUCg) was calculated to capture total cortisol output. Results suggested that more frequent father engagement in shared activities with adolescents (ages 11-16), but not mother engagement, predicted lower AUCg cortisol response in young adulthood (ages 19 -22). The relation remained significant after adjusting for current mother and father engagement and current mental health. Further, the relation did not differ given family ethnicity, father type (step or biological), or adolescent sex. Future research should consider unique influences of fathers when investigating the effects of parent-child relationships on youth physiological development and health.
Relationships with caregivers can significantly affect youth physiological development, including the activity and function of the hypothalamic-pituitary-adrenal (HPA) axis (Luecken & Lemery, 2004; Marsman et al., 2012) . The HPA axis is a neuroendocrine stress response system that produces the hormone cortisol when activated by aversive or challenging events in the environment. Over time, neglectful, abusive, or negative caregiving can result in dysregulation in the HPA system, often evident in exaggerated or blunted cortisol levels (Gunnar & Quevedo, 2007; Repetti, Taylor, & Seeman, 2002) . Dysregulated HPA activity is associated with a range of pathologies including cardiovascular diseases, diabetes, hypertension, cancer, and depression (Seeman & McEwen, 1996) . In contrast, positive parental behaviors (e.g., warmth) have been associated with more adaptive HPA activity in response to stress (Luecken, Hagan, Wolchik, Sandler, & Tein, 2016) .
Most of the literature on caregiving and youth cortisol has focused on the influence of mothers or general parent-child relationships. Effects of early maternal caregiving and early parentchild relationships have been found to influence HPA activity later in life from studies using both prospective and retrospective reports. Luecken, Kraft, and Hagan (2009) found that college students' retrospective reports of negative and high conflict relationships in their family of origin were associated with lower cortisol response to a challenging interpersonal task compared with those who reported positive relationship quality. Among prospective studies, greater levels of maternal warmth at age 5 predicted reduced HPA reactivity to a stress task at age 7 (Kuhlman, Olson, & Lopez-Duran, 2014) , and more maternal warmth in early adolescence predicted lower cortisol response to a challenging interpersonal task 15 years later for children from divorced families (Luecken et al., 2016) . While many studies focus on maternal parenting only, other studies have combined maternal and paternal influences into a single parenting variable, or looked at the overall family environment to predict cortisol (Luecken et al., 2009; Marsman et al., 2012) . Few studies have considered the unique effects of fathers, especially over and above mothers, on youth cortisol.
While a majority of the literature with mothers generally involves more "emotional" components of parenting (e.g., warmth or harsh involvement), it is unclear whether these more emotional types of involvement similarly generalize to fathers (Adamsons & Buehler, 2007) , or whether there are other uniquely salient ways in which fathers express care and affection to their youth. Fathers tend to engage in more frequent play, physically stimulating, and goal-oriented tasks with their children (Cabrera, Fitzgerald, Bradley, & Roggman, 2014) ; therefore, interactive involvement may be unique to the ways fathers engage and connect with their children. A recent review suggested links between greater amounts of residential parenting time with divorced fathers, more frequent daily father-child interactions, and children's increased emotional security with fathers (Fabricius, Sokol, Diaz, & Braver, 2012) . Greater amounts of residential parenting time with divorced fathers in childhood and adolescence predicted better long-term father-child relationship quality, which mediated the link to fewer somatic symptoms and better perceived physical health in young adulthood (Fabricius & Luecken, 2007) . Stevenson et al. (2014) found that the frequency of time parents spent interacting with adolescents in household and discretionary recreational activities predicted how important adolescents believed they were to each parent (i.e., how much they felt that they mattered to each parent). The strength of the relation between time spent together and perceived mattering was stronger for fathers than for mothers. Schenck et al. (2009) found that perceived mattering to fathers was associated with adolescent internalizing and externalizing symptoms. Therefore, youth appear to derive meaning from the amount of time fathers spend with them about how important they are to their fathers, which confers both short-and long-term benefits on youths' mental and physical health.
Limited research has addressed the potential link between fathering and youth stress physiology. Negative fathering behaviors (e.g., overprotective behavior) during childhood have been associated with elevated cardiovascular reactivity (Roubinov & Luecken, 2010) in young adults, and poorer relationship quality with fathers predicted dampened salivary alpha amylase (sAA) reactivity among adolescents (Lucas-Thompson & Granger, 2014) . In one of the few studies that addressed the effects of fathering on youth HPA axis and cortisol activity specifically, Mills-Koonce et al. (2011) found that more observed father negativity was concurrently associated with higher child peak cortisol levels in response to a lab stressor at 7 months of age and predicted greater overall levels of cortisol at 24 months of age. Boyce et al. (2006) found that father involvement during infancy moderated the impact of cortisol reactivity at age 7 on the development of mental health problems at age 9; 9-year-old children who experienced low father involvement as infants and had high cortisol reactivity patterns at age 7 exhibited the most symptoms of psychopathology. Fathering has also been found to impact cortisol reactivity in later developmental stages. Undergraduate women's reports of negative current and childhood father-daughter relationships were associated with elevated cortisol reactivity during a lab stressor (Byrd-Craven, Auer, Granger, & Massey, 2012) .
Because fathering occurs within a family context that is heavily informed by culture and expectations for the involvement of men, it is important to examine ethnic group differences in father involvement. While fathers of European ancestry are overrepresented in the empirical literature, a growing knowledge base is emerging on Latino fathers (Cabrera & Bradley, 2012) . Informed by an ecological developmental perspective on parenting (Cabrera, Fitzgerald, Bradley, & Roggman, 2007) , cultural values have been linked to different patterns of father involvement. For example, in a sample of Mexican-origin families, more involved fathers tended to endorse the belief that the father's role in the family is culturally prescribed (Cruz et al., 2011) . In infancy, Latino fathers are warmer and more involved than White fathers and tend to engage in more child care (Cabrera, Hofferth, & Chae, 2011) ; however, less is known about whether those patterns continue into adolescence. Additionally, no studies to date have examined differences in father involvement across cultural groups and the links to biological processes.
Adolescence is a particularly important developmental period in which to study both father involvement and the HPA axis. Adolescence is a sensitive period of neurobiological development; during this developmental transition, basal cortisol and HPA reactivity to psychosocial performance stressors increase (Gunnar, Wewerka, Frenn, Long, & Griggs, 2009) . It is also a period marked by pronounced changes across physical, social, cognitive, and emotional domains (Dahl & Gunnar, 2009) . Adolescent youth can experience higher levels of stress as they must respond to an increased number of environmental challenges (e.g., increases in academic and peer stress) associated with changes in social context, making it a developmental period in which the incidence of mental health problems dramatically increases (Kessler, Chiu, Demler, & Walters, 2005) . Although adolescents typically shift their time allocation to favor peers and romantic partners, parents, including fathers, remain an important influence on development (Hosley & Montemayor, 1997) .
Fathers have been found to have unique effects on adolescent adjustment over and above the effects of mothers. In a large nationally representative sample, father involvement accounted for a unique source of variability in adolescent adjustment above the contribution of other factors, including mother involvement (Cookston & Finlay, 2006) . Adolescents' perceptions of how much they mattered to their fathers predicted their future adjustment over and above their perceptions of how much they mattered to their mothers, and this held true for biological and stepfathers of sons and daughters in Mexican American as well as Anglo American families (Suh et al., 2016) . Fathers can sometimes be more accessible than mothers and provide a unique source of emotional support (Flouri, 2008) . However, father-child relationships can also be distant and unemotional as compared with mothers, and father-child interactions may be less frequent than mother-child interactions (Larson & Richards, 1994) . At the same time, relative to mothers, fathers are more likely to be engaged in pleasurable leisure activities with their children, which may promote positive developmental outcomes (Grossmann, Grossmann, Kindler, & Zimmermann, 2008) . Given that there is generally greater variability in how much fathers are involved in children's lives compared to mothers (Williams & Kelly, 2005) , fathers may be uniquely influential on an adolescent's ability to weather transitions and meet developmental challenges, which in turn may influence youth HPA axis functioning.
There are several limitations to existing research on fathers that we sought to address in the current study. Prior research often does not adjust for maternal behaviors when evaluating the effects of fathers on child outcomes, which is necessary to identify the unique effects of fathers (Marsiglio, Amato, Day, & Lamb, 2000) . It is critical to consider mother involvement given that the child's mother may influence fathering (Stevenson et al., 2014) , and the effects of father involvement may be due, at least in part, to the benefits of having two involved parents (Flouri, 2008) . LongituThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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dinal research designs are needed to adequately address the effects of fathering during adolescence on later cortisol responses, unbiased by retrospective recall of fathering. Further, the potential effects of stepfathers have been neglected, which is important given research suggesting youth from stepfamilies indicate more negative adjustment than youth living with two birthparents (Amato & Rivera, 1999) , possibly because stepfamilies may be more conflict prone and exposed to greater stress (Amato & Sobolewski, 2004) . Stepparents tend to be less involved than biological parents, perhaps due to differences in parenting, and youth with a stepfather are more likely to show behavior and adjustment problems than those with two biological parents (Amato & Rivera, 1999; Leidy et al., 2011) . There is also evidence that the effects of fathers on developmental outcomes can differ by youth sex. For example, some studies find a stronger link between paternal behaviors (e.g., support and acceptance) and adjustment among adolescent females compared with males (Flouri & Buchanan, 2002; Leidy et al., 2011) . The current study addressed these gaps in the literature by using a longitudinal design in which the frequency of father engagement with their adolescent children (youth from 7th to 9th grade) in household and recreational activities was used to predict cortisol stress response in early adulthood (youth ages 19 -22) among a sample of Mexican American (MA) and European American (EA) youth that included resident biological fathers and resident stepfathers. We hypothesized that young adults who experienced less frequent engagement in shared activities with their fathers in adolescence would exhibit greater cortisol response to a challenging interpersonal task compared with youth who experienced more frequent father engagement, and that this relation would remain significant after adjusting for mother-adolescent engagement, concurrent father-youth and mother-youth engagement, and concurrent mental health. We also assessed whether the relation between father-adolescent engagement in shared activities and youth cortisol responding differed based on ethnicity (MA or EA). Because of the limited amount of research focused on parenting and cortisol across different ethnic groups, there is not enough information to make a priori predictions about the role of ethnicity. Exploratory analyses also evaluated whether the impact of father-adolescent engagement in shared activities on cortisol was moderated by youth sex or father type (i.e., biological or stepparent).
Method Participants
Participants included 213 father-youth dyads from the longitudinal Parent & Youth Study (PAYS), a 10-year, 5-wave, two-site investigation (Phoenix, AZ and Riverside, CA) designed to examine father-youth relationships in MA and EA families. Institutional Review Board (IRB) approval was obtained at both sites. Youths assented and parents gave informed consent regarding study procedures prior to being interviewed. Eligibility for the study included: (a) the target child currently resided with the mother and biological father or stepfather, (b) all family members were the same, self-identified ethnicity, (c) the family members were fluent in either English or Spanish, and (d) the in-house father was living with the family for at least 1 year before the beginning of the study (legal marriage between the parents was not a requirement).
Recruitment strategies between the two sites differed because of different laws and school district policies. In California, families were recruited from two school districts in the metropolitan area of San Bernadino County. School staff used emergency cards and enrollment information to determine eligible families, who were later contacted and screened. Upon meeting eligibility requirements and agreeing to participate, research staff contacted potential families, explained details of the project, and obtained the appropriate consent based on university IRB procedures. In California, a total of 540 families were contacted, and 248 were eligible for the study. Of those who were eligible, 192 (77%) initially agreed to participate, and 56 (23%) refused to participate. In Arizona, families were recruited from eight ethnically diverse schools in the Phoenix metropolitan area. Teachers administered a short survey to all 7th graders asking about students' ethnic backgrounds and family composition, which resulted in a total of 2,459 appearing to be eligible. Families were contacted to determine eligibility, explain the project, and ask for consent to have research staff contact the family. Research staff contacted a total of 640 families to explain details of the project and obtain consent based on university IRB procedures. Of those contacted, 266 were eligible for the study. In total, 204 (77%) eligible families initially agreed to participate, and 62 (23%) refused to participate. From both sites, those who refused to participate were more likely to come from stepfather and MA families.
Data collection occurred across five waves. The current analyses used data from Wave 1 when youth were in 7th grade (ages 11-14), Wave 2 when youth were in 8th or 9th grade (ages 13 -16), and Wave 4 when youth were 19 -22 years of age (young adulthood). Data included father reports of father-child engagement in shared activities in adolescence (Waves 1 and 2), mother reports of mother-child engagement in shared activities in adolescence (Waves 1 and 2), saliva samples from young adults who participated in an interpersonal challenge task (Wave 4), father reports of father-young adult engagement in shared activities (Wave 4), mother reports of mother-young adult engagement in shared activities (Wave 4), and young adult-reported mental health (Wave 4).
The study maintained adequate retention across waves. At Wave 1, 392 families participated. Data were collected from at least one family member for 367 families at Wave 2, and 289 youth participated at Wave 4, resulting in a 74% retention rate for the overall study. The current study uses a subset N of 213 participants who had cortisol data at Wave 4.
Approximately equal numbers of participants came from both sites and included 95 (45%) boys and 118 (55%) girls, 112 (53%) EA families and 101 (47%) MA families, and 131 (62%) with biological fathers and 82 (38%) with stepfathers. Among EA families, 36% had stepfathers; among the MA families, 42% had stepfathers. Sample descriptives are displayed in Table 1 .
Procedure
During Waves 1 and 4, family members at the Arizona site were interviewed in separate rooms in their homes, and family members at the California site were interviewed in separate rooms at the research lab. Wave 2 was conducted over the phone. Across all waves, family members were interviewed in the participant's preferred language (English: 96%, Spanish: 4%). Interviewers read This document is copyrighted by the American Psychological Association or one of its allied publishers.
questions aloud and entered responses into a computer. Participants received $100 each per interview.
Measures
Father-adolescent engagement in shared activities.
1 At Waves 1 and 2, fathers completed a 5-item scale measuring the frequency of their engagement with their children on a variety of discretionary activities in the past 3 months ("How often did you play a video game, board game, or any other indoor game with your child at home?" "How often did you go shopping together?" "How often did you play a sport or participate in an outdoor activity together?" "How often did you bake or cook a meal together?" "How often did you go to entertainment, movies, or sporting events together?"), hereafter referred to as father engagement. This scale was shortened and adapted from its longer original form used in the Families First study (Coltrane, Parke, & Adams, 2004) . Responses were on a 5-point scale from 1(never) to 5 (very often). Reliability for father-adolescent engagement at Wave 1 was ␣ ϭ .55 and at Wave 2 was ␣ ϭ .62. Because of a high correlation between Wave 1 and Wave 2 father-adolescent engagement, r ϭ .60, p Ͻ .001, Wave 1 and Wave 2 fatheradolescent engagement variables were summed to create a combined father-adolescent engagement variable (␣ ϭ .74).
Mother-adolescent engagement in shared activities. Also at Waves 1 and 2, mothers completed the same 5-item scale as fathers measuring the frequency of their own engagement with their adolescents on the same discretionary activities over the past 3 months. Reliability for mother-adolescent engagement at Wave 1 was ␣ ϭ .50 and Wave 2 was ␣ ϭ .56. Wave 1 and Wave 2 mother-adolescent engagement variables were summed to create a combined mother-adolescent engagement variable (␣ ϭ .72).
Mother and father engagement in shared activities with their young adult child. At Wave 4, mothers and fathers reported on their engagement with their child in the past 3 months, with items adapted to young adults ("How often do you work together on something (projects, hobbies, volunteering, school or work activities and so on)?" "How often do you have a meal together?" "How often do you and your child participate in recreation inside or outside the home (i.e. movies, TV, picnics, swimming, trips, fishing, and so on)?" "How often do you engage in religious activities of any kind?"). Reliability for the father-young adult engagement variable at Wave 4 was ␣ ϭ .71. Reliability for the mother-young adult engagement variable at Wave 4 was ␣ ϭ .74.
Cortisol response. At Wave 4, youth provided cortisol samples at four time points before and after engaging in a modified Trier Social Stress Task (Kirschbaum, Pirke, & Hellhammer, 1993) . The task included 3-min. of mental arithmetic, followed by a 4-min. video-recorded interpersonal speech task in which participants discussed their personal strengths and weaknesses. Saliva samples were collected immediately before the task, immediately after the task, 20 min. post-task, and 40 min. post-task. Youth were instructed to refrain from exercising and consumption of food, alcohol, or caffeine in the 2 hours before the task. Their compliance with instructions was recorded for potential use as a covariate. Cortisol response was operationalized as area under the curve with respect to ground (AUCg), as a measure of total hormonal output across the task. AUCg is often used as a physiologic indicator of HPA responsiveness by taking into account the intensity of a cortisol response across the task (how high cortisol responses are from zero; Fekedulegn et al., 2007) . AUCg is also a useful way to summarize multivariate parameters and simplify statistical analyses without loss of information obtained by repeated cortisol assessments (Pruessner, Kirschbaum, Meinlschmid, & Hellhammer, 2003) . Cortisol AUCg was sufficiently normally distributed and did not require log transformation. Cortisol levels were assayed in the Biological Psychology laboratory directed by Dr. Clemens Kirschbaum at the Technical University of Dresden in Dresden, Germany.
Cortisol samples were not collected from 66 out of the 289 youth who participated in Wave 4 because of phone interviews or task refusal, resulting in a total of 223 youth who completed the stress task. Cortisol values from 10 additional youth were excluded Among youth with cortisol data, two completed the task in the morning (between 9 a.m. and noon). Exclusion of the data from these two youth did not change the primary results, and they were retained in the dataset. Fifty-nine youth completed the task in the afternoon (between 1 p.m. and 5 p.m.), and 152 youth completed the task in the evening (between 5 p.m. and 8 p.m.). Because of variability in the time the task was completed, and a significant correlation of time of day with AUCg, r ϭ Ϫ.40, p Ͻ .001, time of day was included as a covariate in the primary analyses.
Correlations were analyzed between other potentially relevant covariates and cortisol AUCg including: ethnicity, sex, age, smoking status, body mass index, use of birth control, father education, time of day, and adjusted annual income. Of these, only youth age, r ϭ Ϫ.14, p ϭ .04 was a statistically significant correlate of AUCg and youth sex was marginally significant, r ϭ Ϫ.12, p ϭ .079; both were subsequently included as covariates in the primary analyses.
Young adult mental health. At Wave 4, youth completed the Achenbach Young Adult Self Report (Achenbach & Rescorla, 2003) . The current analyses use the anxious/depressed syndrome subscale, assessing levels of depression and anxiety in the past 3 months (␣ ϭ .86).
Results

Preliminary Analyses
Descriptive statistics. Table 2 presents bivariate correlations between primary study variables.
Attrition. Chi-square and T tests were used to analyze whether those who dropped out by Wave 4 differed on Wave 1 adjusted annual income, age, ethnicity, sex, father-adolescent engagement, father type (stepfather or biological father), and study site compared with those who were retained in the overall study. Attriters were lower on adjusted annual income than nonattriters, t(390) ϭ Ϫ3.56, p Ͻ .001, attriter M ϭ $53,410, SD ϭ $40,681; nonattriter M ϭ $72,339, SD ϭ $48,401. MA families were more likely to drop out than EA families ( 2 ϭ 3.925, p ϭ .048). Youth with stepfathers were more likely to attrit than youth with biological fathers ( 2 ϭ 9.92, p ϭ .002). Father-adolescent engagement in daily activities, youth age, youth sex, and study site did not significantly differ based on attrition (ps Ͼ .05).
Primary Analysis
Linear regression models were estimated using MPlus 7.2 (Muthén & Muthén, 2012) , with full information maximum likelihood to manage missing data (Enders, 2010) . Bootstrap resampling with 1,000 bootstrap resamples was used to estimate model parameters with a method that is less affected by outliers and does not make assumptions about the distribution of the variables. Model results are shown in Table 3 .
First, AUCg was predicted from father-adolescent engagement and time of day. Father-adolescent engagement was a statistically significant predictor of cortisol AUCg (B ϭ Ϫ5.10, p ϭ .017); more frequent father engagement in adolescence was associated This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
with lower cortisol response to the interpersonal challenge task in young adulthood. Next, we assessed the relation between father engagement in adolescence and cortisol AUCg adjusting for mother-adolescent engagement, time of day, youth sex, and youth age. Father-adolescent engagement remained a statistically significant predictor of cortisol AUCg (B ϭ Ϫ5.11, p ϭ .019). Motheradolescent engagement was not a statistically significant predictor of cortisol AUCg (B ϭ 1.04, p ϭ .59). The final model adjusted for the effects of concurrent fatherand mother-young adult engagement in shared activities, and young adult mental health. None of the concurrent variables were statistically significant predictors of cortisol AUCg (father engagement, p ϭ .20; mother engagement, p ϭ .10; youth mental health, p ϭ .62). Father-adolescent engagement, however, remained a statistically significant predictor of cortisol AUCg (B ϭ Ϫ5.89, p ϭ .01).
Moderation by Ethnicity
To assess whether the relation between father-adolescent engagement and cortisol AUCg in young adulthood differed based on ethnic group, a linear regression was estimated to predict cortisol AUCg from father-adolescent engagement, ethnicity, the interaction of father-adolescent engagement and ethnicity, and covariates time of day, youth sex, and age. The father-adolescent engagement by ethnicity interaction term was not a statistically significant predictor of AUCg (B ϭ 1.40, p ϭ .75).
Exploratory Analyses
Exploratory analyses examined whether the relation between father-adolescent engagement in daily activities and cortisol AUCg was moderated by father type (biological vs. step) or youth sex. Separate linear regressions were estimated to predict AUCg from father-adolescent engagement, family type and youth sex, including the interaction of father-adolescent engagement with each of the moderators, and relevant covariates. Family type (B ϭ Ϫ5.76, p ϭ .194) and youth sex (B ϭ Ϫ3.73, p ϭ .430) were not statistically significant moderators of the relation between father-adolescent engagement and AUCg.
Discussion
The current study evaluated the association between the frequency with which fathers engaged in quotidian activities with their adolescent children and youth cortisol response to a performance stressor in young adulthood. Previous research by Stevenson et al. (2014) reported that the frequency of these interactions with both mothers and fathers predicted in cross-lagged, longitudinal models same-sex adolescents' later perceptions of how much they mattered to that parent. Further, concurrent relations were stronger in later adolescence than in early adolescence for both parents, and were stronger for fathers than mothers. Stevenson et al. noted that the discretionary time parents chose to spend with children appeared to become a more meaningful indication as adolescents age of how important they were in their parents' eyes. In the current analyses, more frequent father-adolescent engagement in shared activities predicted lower cortisol AUCg response in early adulthood, over and above the effects of motheradolescent engagement, current father-young adult engagement, current mother-young adult engagement, and current young adult mental health. Although MA fathers (but not mothers) reported more frequent engagement with their adolescents than did EA fathers, the association between father-adolescent engagement and cortisol did not significantly differ based on ethnicity, nor did it differ by father type (i.e., resident biological or stepfather), or youth sex. These results provide evidence that the frequency of This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
father-adolescent engagement in shared activities during early to mid-adolescence can influence youth HPA development.
We assessed one specific type of parental involvement, engagement, which encompasses shared recreational (e.g., playing indoor games, participating in outdoor activities, and going to the movies) and household (e.g., shopping, cooking) activities. The relation we found with cortisol response warrants close consideration of the unique ways in which fathers engage with their children. Fathers tend to engage in more frequent playful and physically stimulating activities (Cabrera et al., 2014; Flouri, 2008) , and are typically more encouraging of children's competitiveness and independence (Baltes & Silverberg, 1994) . Because of their greater emphasis on play, mentorship, and encouragement of goal pursuit, fathers may play a unique role in supporting their children's secure exploration and burgeoning autonomy (Grossmann et al., 2008) . The exploratory system is an adjunct to the attachment system, and both are understood as relevant to the development of the stress response system. With one exception (i.e., play a sport or participate in an outdoor activity together) our engagement items were restricted to fairly low-active types of events; nevertheless, frequent participation in such events with their children might provide the context and foundation for fathers to encourage secure exploration in facing new challenges during late adolescence. While exploration in the early years is seen in children's physical engagement with their surroundings, later in development "secure exploration" can be seen in children's confident, attentive and resourceful exploration, as well as in their persistence in the face of challenges and tolerance of distress (Grossmann et al., 2008) . Secure exploration, in the context of secure parent-child relationships, may facilitate a successful transition to college by enabling young adults with the requisite emotional, cognitive, and behavioral capabilities to balance personal autonomy with meeting social and cognitive challenges (Grossmann et al., 2008) .
Some of those challenges are academic, and we measured responses to academically relevant (math challenge and public speaking) stressors. Paternal parenting may be uniquely associated with school achievement and cognitive outcomes, leading some researchers to suggest that father's engagement with their children in play enhances children's cognitive functioning (Pougnet et al., 2011) . Sensitive support from fathers during joint play is related to children's secure exploration of cognitive challenges, which can be characterized by persistence and a sense of mastery and confidence (Grossmann et al., 2008) . A foundation of frequent engagement in quotidian activities that nurture the exploratory system may help account for the fact that in adolescence, fathers are more likely than mothers to be consulted for help with homework (Steinberg & Silk, 2002) and are more likely to discuss instrumental and problem-solving topics like academic performance and goals with their children (Hosley & Montemayor, 1997) .
The lack of a significant difference between ethnic groups in the influence of father-adolescent engagement on young adult cortisol response connotes the commonality of this relation between MA and EA father-youth dyads. Although MA fathers reported engaging in more frequent shared activities than EA fathers (consistent with research by Toth & Xu, 1999 and Cabrera et al., 2011) , engagement did not have differential effects on youths' biological stress response, suggesting that this type of paternal engagement is salient to HPA development across ethnic groups. Prior analyses with the same sample found no differences in mental health between MA and EA youth at Wave 1 (Leidy et al., 2011) and Wave 3 (Suh et al., 2016) ; the current results extend this work by indicating a lack of ethnic group differences in biological outcomes at Wave 4. Furthermore, we did not find a significant moderating effect of youth sex or father type, a result that merits attention given that previous research has found different relations between fathering and youth psychosocial adjustment based on father type and youth sex (Amato & Sobolewski, 2004; Leidy et al., 2011; Stevenson et al., 2014) . Although it is possible that our model was underpowered, the results suggest that the effects of father-adolescent engagement on later cortisol response are consistent whether youth are MA or EA, male or female, or engaging with their step or biological father.
Future research should examine the pathways and mechanisms by which father engagement in an earlier developmental stage (adolescence) influences cortisol in young adulthood. Fathers' more frequent engagement with their adolescents in shared activities may promote a closer and more secure father-child relationship, which may yield higher levels of youth self-esteem and/or self-efficacy to deal with environmental challenges. Close parentchild relationships and affection during adolescence have been associated with higher self-esteem in adulthood (Roberts & Bengtson, 1993) , and lower self-esteem has been associated with elevated cortisol reactivity to a psychosocial stressor among young adults (Pruessner, Lord, Meaney, & Lupien, 2004) . Although the current study assessed multiple different two-way interactions, future research should investigate the potential for three-way interactions (e.g., youth sex by age by father engagement) given that cortisol can be sensitive to youth sex and pubertal timing (Netherton, Goodyer, Tamplin, & Herbert, 2004) . Similarly, gender differences may be more prominent or may play out in unique ways in MA families (Updegraff et al., 2005) , which may moderate father involvement effects on cortisol. Although the current study found consistent levels of father engagement across adolescence, fathering behavior may change in frequency or quality as youth develop through adolescence and young adulthood. Future studies should examine how changes in father involvement across development can influence cortisol responding using longitudinal growth curve models, including how different types of fathering behaviors (e.g., emotional involvement and sensitivity) might influence HPA function.
Limitations to the study should be noted. First, only parent self-reports of involvement were evaluated, and self-reports may be inflated because of social desirability biases. Although correlated at r ϭ .60, combining Wave 1 and Wave 2 assessments of father-adolescent engagement may not capture important variability that occurs across development. How fathers engage in shared activities with their adolescents may differ across developmental stages, and consequently have unique effects on youth outcomes. Second, because cortisol was only assessed in young adulthood, we cannot determine at what point in development fathering may have had an influence on youth HPA activity. It cannot be assumed that HPA functioning remains stable from adolescence to young adulthood and other developmental experiences may also influence cortisol function in young adulthood. Third, although AUCg is a commonly used measure of HPA and cortisol activity, it does not capture variability in patterns of cortisol responding, that is, reactivity after baseline or recovery levels post-reactivity. Finally, we cannot determine the health implications of higher cortisol This document is copyrighted by the American Psychological Association or one of its allied publishers.
response. Both high and low cortisol responding have been associated with both negative and positive outcomes, and could be either advantageous or problematic depending on a multitude of factors (e.g., context, life history; Shirtcliff, Peres, Dismukes, Lee, & Phan, 2014) . Future longitudinal studies that include physical health outcomes will be necessary to delineate the long-term health consequences of father involvement in adolescence. Despite these limitations, there are a number of strengths of the study. Our results suggest that father-adolescent engagement in shared activities influence their children's biological responses to performance challenges later in life. The longitudinal design allowed for prospective assessment of father engagement across early to middle adolescence, avoiding potential biases of retrospective recall. A further methodological strength is that a fatherreported measure (engagement in shared activities) predicted an objective youth outcome (cortisol) in young adulthood, avoiding biases because of common method variance. The influence of father-adolescent engagement remained significant after controlling for mother-adolescent engagement, suggesting that fathers' engagement in various shared activities uniquely contribute to young adults' responses to performance stressors. Further, fatheradolescent engagement remained a significant predictor of young adult cortisol after accounting for potential proximal influences. Finally, our use of an ethnically diverse sample of families, which included both resident biological and stepfathers, allowed us to explore potential moderators of the relation between fatheradolescent engagement and children's physiological stress responses.
Overall, the results suggest that fathers can have a long-term influence on youth neuroendocrine development. Previous studies have found that paternal parenting is associated with markers of physical health risk (e.g., metabolic and cardiovascular risk; Boyer & Nelson, 2015; Ehrlich, Hoyt, Sumner, McDade, & Adam, 2015) , and with health behaviors, including dieting and physical activity (Berge, Wall, Loth, & Neumark-Sztainer, 2010) . However, a metaanalysis (Phares, Fields, Kamboukos, & Lopez, 2005) examined the number of studies that included fathers in pediatric and clinical research journals and found that fathers are disproportionately underrepresented in health-related research; most studies focused on mothers or combined both parents. Future research devoted to understanding the role of parenting on youth physical health would benefit from evaluating the unique effects of fathers, identifying specific father behaviors that are salient to youth health outcomes across critical developmental stages.
